In 2016, 9-valent human papillomavirus (HPV) vaccine has been newly introduced in Korea, thus the need to develop recommendations for the vaccine has raised. Until we decide to develop a guideline, no further studies on the bi-valent or quadri-valent HPV vaccine have been announced. We searched and reviewed the literatures focused on the efficacy of 9-valent HPV vaccine, the ideal age of 3-dose schedule vaccination, the efficacy of 9-valent HPV vaccine in middle-aged women, the efficacy of the 2-dose schedule vaccination, the safety of 9-valent HPV vaccine, the possibility of additional 9-valent HPV vaccination, and crossvaccination of 9-valent HPV vaccine. So, Korean Society of Gynecologic Oncology (KSGO) developed a guideline only for 9-valent HPV vaccine.
INTRODUCTION
Human papillomavirus (HPV) can often be infected in sexually active women [1] . About 40 genotypes of HPV can infect the female reproductive system, of which 15 HPV types are referred to as a carcinogenic or high-risk virus due to their association with gynecologic cancers, including cervical cancer [2] . Most infections are known to be extinguished within 2 years, and the major cause of cervical cancer and pre-cancer lesions is a persistent infection caused by highrisk HPV for more than 2 years [2] . Among these, HPV 16 and 18 are the 2 most prevalent types, 2/10 https://ejgo.org https://doi.org/10.3802/jgo.2019.30.e31
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Key question 1: is the 9-valent HPV vaccine effective?
• The 9-valent HPV vaccine is effective in preventing the diseases related to 9 HPV types (HPV 6, 11, 16, 18, 31, 33 , 45, 52, and 58) (1A).
Key question 2:
what is the recommended age for the 3-dose schedule of 9-valent HPV vaccine?
• The best age for the 3-dose schedule of 9-valent HPV vaccine is between 9 and 26 years in men and women (1A).
Key question 3: is the 9-valent HPV vaccine effective in middle-aged women?
• The 9-valent HPV vaccination in middle-aged women (27-45 years) has insufficient evidence for preventive effects, but can be clinically determined considering the circumstances of the subjects (2E).
Key question 4: is the 2-dose schedule of 9-valent HPV vaccine effective?
• The 2-dose schedule of 9-valent HPV vaccine is effective for men and women aged 9-14 years (1A).
Key question 5: is the 9-valent HPV vaccine safe?
• The 9-valent HPV vaccine is as safe as other HPV vaccines (1A).
• For pregnant women, the 9-valent HPV vaccination is not recommended (1E).
• Breastfeeding women can be vaccinated with 9-valent HPV vaccine (1E).
• The 9-valent HPV vaccine can be co-administered with the meningococcal conjugate vaccine or tetanus, diphtheria, and acellular pertussis (Tdap) Vaccine (1A).
6. Key question 6: is it possible to complete vaccination with the 9-valent HPV vaccine for women previously inoculated with the other types of HPV vaccines?
• In cases of vaccinations started with other types of HPV vaccines, the 9-valent HPV vaccine may be used to continue or complete the vaccination (*limited to cases where the previous vaccine types are unknown or unavailable) (E).
Key question 7:
is an additional 9-valent HPV vaccination possible to women who have already completed a series with another HPV vaccine product?
which cause about 70% of invasive cervical cancer worldwide, accounting for 50% of moderate and severe cervical dysplasia [3, 4] [5] [6] [7] , no further studies on the bi-valent or quadri-valent HPV vaccine have been announced. However, 9-valent HPV vaccine has been newly introduced in Korea, thus the need to develop recommendations for the vaccine has raised.
MECHANISMS OF ACTION OF THE 9-VALENT HPV VACCINE
To counteract the disease prevention capability of the 2 existing preventive vaccines, which provided only the preventive effects about HPV16-and 18-related precancerous lesions and malignant tumors, the 9-valent HPV vaccine was manufactured by adding HPV 31, 33, 45, 52, and 58 L1 virus-like parts (VLPs) in addition to HPV16 and 18 [8] . After 3 phase II studies were conducted with 9 HPV type L1 VLPs as an experimental group and quadri-valent HPV vaccine as a control group, the efficacy, effectiveness, and safety of the 9-valent HPV vaccine were identified. The final 0. 
EVIDENCE OF 9-VALENT HPV VACCINE
The process of developing clinical guideline and the evidence table for each Key Questions are described in Supplementary Materials (Supplements 1 and 2).
Key question 1: is the 9-valent HPV vaccine effective?
Joura et al. [9] conducted a randomized, international, multi-center, double-blind, and phase 2b-3 study to check the efficacy and immunogenicity of the 9-valent HPV vaccine. Since quadri-valent HPV vaccine was proven effective, a total of 14,215 women aged 16-26 years was included in this study for the comparison between the quadri-valent and 9-valent HPV vaccine. The study found that the immunogenicity for HPV 6, 11, 16, and 18 was similar between the 2 groups, and geometric mean titers (GMTs) remained similar as well about 2 years after the vaccination. The researchers, including Van Damme, conducted a study in boys and girls aged 9-15 years to confirm that the immune response was non-superior than young women's [10] . This study included 400 women between the ages of 16 and 26 as a control group, and 600 boys and 3/10 https://ejgo.org https://doi.org/10.3802/jgo.2019.30.e31
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1,800 girls aged 9-15 for an experimental group. Non-superiority was defined as the ratio of 2-sided 95% CI for each HPV type greater than 0.67. GMTs for all types of HPVs increased for all subjects, and young boys and girls were found to be non-superior than young women. The antibodies to the HPV type were identified up to 2.5 years after the third dose.
In 2015, Castellsagué et al. [11] demonstrated the efficacy of the 9-valent HPV vaccine in men. This study was judged to be observational because no randomization process was mentioned.
The study selected 16-26-year-old women as a control group and 1,106 self-identified as heterosexual men (HM) and 313 self-identified as men having sex with men (MSM) of similar age as an experimental group. Anti-HPV GMTs at month 7 among 16-26-year-old HM were non-inferior to anti-HPV GMTs among 16-26-year-old girls and women. The GMT ratios for MSM relative to HM were generally similar to those previously observed in clinical trials with quadri-valent HPV vaccine. Across all clinical trials, at least 99.5% of individuals included in the analyses for each of the 9 vaccine HPV types became seropositive by month 7.
Van Damme et al. [12] identified the immunogenicity and positivity ratio of antibody by conducting a randomized controlled study to confirm the efficacy of the 9-valent HPV vaccine in men. At 7-months after the vaccination, GMTs for HPV 6, 11, 16, and 18 were similar to the quadri-valent HPV vaccination group, yet superior for HPV 31, 33, 45, 52, and 58. The positivity ratio of antibody was also observed as 100% for 9 HPV types when the 9-valent HPV was inoculated.
Based on the results of 3 randomization studies and 1 observational study, the level of evidence for the effect of 9-valent HPV vaccine was determined to be HIGH. The above results determined that the recommendations:
Key question 2: what is the recommended age for the 3-dose schedule of 9-valent HPV vaccine?
In 4 studies selected as evidence in key question 1, the efficacy of 9-valent HPV vaccine was checked in men and women aged 9-26 for a total 3 dose scheduled 0, 2, and 6 months. As the efficacy of the 9-valent HPV vaccine was identified in key question 1 from 3 randomization studies and 1 observational study, the recommendation of this key question was decided as follows:
Key question 3: is the 9-valent HPV vaccine effective in middle-aged women?
Researches associated with 9-valent HPV vaccine in middle-aged women over age 27 was not published until the articles were searched for writing recommendations. However, 9-valent HPV vaccine was tested for efficacy compared to the quadri-valent HPV vaccine which identified efficacy in middle-aged women in 3 studies [13] [14] [15] . Based on these findings, the 4/10 https://ejgo.org https://doi.org/10.3802/jgo.2019.30.e31
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• The 9-valent HPV vaccine is effective in preventing the diseases related to 9 HPV types (HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58) (1A).
European Union allowed the 9-valent HPV vaccination in men and women over the age of 9 because they decided that 9-valent HPV vaccine could benefit middle-aged women between the ages of 27-45. In Canada, 9-valent HPV vaccination was authorized for women aged 9-45 and men aged 9-26 because 9-valent HPV vaccine could have similar safety profiles and effects in middle-aged women between 27-45 year old after confirming the efficacy and safety of the 9-valent HPV vaccine in 16-26 year old women and the quadri-valent HPV vaccine in 16-45 year old women.
With no study result on this key question, the recommendation level was weak and the evidence level was determined to be E by selecting the judgement from other countries as a reference. The above results determined that the recommendations.
Key question 4: is the 2-dose schedule of 9-valent HPV vaccine effective?
Only 1 randomized study conducted by Iversen et al. [16] was found to support this key question. This was conducted as a randomized, multi-centered, and open label study to ensure that 2 dose vaccination of 9-valent HPV vaccine in 9-14 year old boys and girls is noninferior to the 3 dose vaccination in 9-26 years old women. In general, HPV test or cervical cytology should be carried out directly at the uterine cervix in order to check the effectiveness of vaccine. However, the effectiveness of the vaccine was indirectly confirmed through antibody titers in this case of young adolescent since they had little possibility of exposure to HPV. Similar studies conducted in the bi-valent and quadri-valent vaccine were adopted as the evidence to authorize 2 dose vaccination by WHO and other agencies. For this reason, the study by Iversen et al. [16] was accepted as an evidence of this key question although it is the only 1 randomized study.
An experimental group of the study with the 9-valent HPV vaccination included adolescents aged 9-14 years who were sexually naïve at enrollment, and the control group included the women between the ages of 9 and 26 who had no more than 4 sexual partners and did not have abnormal cervical cytology or other cervical disorders. In order to identify the efficacy of 2 dose vaccination in 9-14 year old adolescent, the 9-valent HPV vaccine was inoculated with 2 dose to 9-14 aged girls (0 and 6 months), 2 dose to 9-14 aged man (0 and 6 months), 2 dose to 9-14 aged adolescent (0 and 12 months), 3 dose to 9-14 aged girls (0, 2, and 6 months), and 3 dose to 16-26 aged woman (0, 2, and 6 months).
Antibody titer in 2 dose vaccinated groups was non-inferior compared to that of 3 dose vaccinated groups in HPV antibody assay conducted 4 weeks after the last vaccination. In addition, antibody titer for 8 HPV types was observed higher, with the exception of HPV 45, in 2 dose vaccinated group at 0 and 12 months compared to the 0 and 6 months-vaccinated group.
Since the evidence of 2 dose vaccination with the 9-valent HPV vaccine was interpreted in a randomized study, the level of evidence was determined to be HIGH, and the level of recommendation was strong. The above results determined the following recommendations:
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• The 9-valent HPV vaccine can be inoculated in middle-aged women (27-45 years old) by taking into account clinical judgment of individual risk and situations, although there is insufficient evidence for preventive effects (2E).
Key question 5: is the 9-valent HPV vaccine safe?
This key question identified the adverse events of 9-valent HPV vaccine, adverse events in pregnant or breastfeeding women, and the possibility of simultaneous inoculation with other vaccines.
First of all, the side effects of the 9-valent vaccine were identified through 6 studies. Side effects identified in the study by Joura et al. [9] are as follows. Pain, edema, rash, and itching sensation at inoculation site were the most common side effect, while systemic side effects included headaches, fever, nausea, dizziness, and fatigue. However, these had been similarly observed in quadri-valent vaccination groups, and it was very rare for both groups to stop vaccination because of the side effects. Van Damme et al. [10] found side effects in boys and girls aged 9-15 years. Similar to the control group of 16-26 aged woman, side effects at inoculation site such as pain, edema, rash and itching sense were most commonly observed. However, less pain and edema were observed in boy than in women. Headache, fever, and fatigue which were the most common systemic side effects were observed at a similar rate in adolescent and young aged women. In the studies by Castellsagué et al. [11] and Van Damme et al., [12] men aged 16-26 years experienced similar side effects as woman had in the previous studies, but with less percentage. Vesikari et al. [17] confirmed the safety of 9-valent vaccine in girls aged 9-15 years. Even though swelling at inoculation site was observed more in 9-valent vaccinated group (47.8% vs. 36.0%; p=0.003), the overall safety was similar when compared to the quadri-valent vaccinated group. The integrated analysis of 7 phase 3 studies on 9-valent HPV vaccine by Moreira et al. [18] demonstrated that the cases with 1 or more side effects were 92.7% in women and 82.5% in men. Typical side effects included pain, edema, rash, and itching sense at inoculation site, headaches, fever, nausea, dizziness, and fatigue as a vaccine-related systemic effects, and severe vaccination-related side effects were not detected in both men and women.
Moreira et al. [18] confirmed the results of pregnancy among those who participated as pregnant women in the study by Joura et al. [9] Normal birth rates were 77.3% in 9-valent HPV vaccinated group and 76.7% in quadri-valent vaccinated group, respectively, while abnormal pregnancy rates were 2.0% and 2.2% in each group. The miscarriage rates were 19.9% and 20.8%, and the ratio of ectopic pregnancy and spontaneous abortion was similar to that of quadri-valent vaccine group and general pregnant women. This confirms that the 9-valent vaccine is harmless to pregnant women, but, it is not recommended for pregnant women to receive 9-valent HPV vaccine since no clinical research has been conducted on pregnant women. In addition, the study included 72 breastfeeding women, and no adverse effects were found with 9-valent HPV vaccination [18] . This study was judged to be a cohort study because it was an integrated analysis based on the randomized trials.
Schilling et al. [19] and Kosalaraksa et al. [20] confirmed that the simultaneous administration of the 9-valent HPV vaccine with meningococcal vaccine, diphtheria, tetanus, diphtheria, and acellular pertussis (Tdap) vaccine, or poliomyelitis vaccine showed similar antibody titer and side effects between 2 groups [19, 20] .
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Based on 4 randomized studies and 2 observational studies, the levels of evidence and recommendation were classified as HIGH and strong for the safety of 9-valent HPV vaccine. Although 9-valent HPV vaccine may be safe for breastfeeding women since L1 VLPs were used, the levels of evidence and recommendation were classified as E and strong, respectively. The levels of evidence and recommendation for the simultaneous vaccination along with other vaccines were decided as HIGH and STRONG based on the randomized studies.
The above results determined the following recommendations:
6. Key question 6: is it possible to complete with the 9-valent HPV vaccine for the women who are inoculated with the other HPV vaccine?
There have been no prior studies on whether the cross vaccination using 9-valent HPV vaccine is possible. Therefore, the decision was based on the recommendations of the Centers for Disease Control and Prevention. The Advisory Committee for Immunization Practice (ACIP) written by Petrosky et al. [21] recommends that if physician providing the vaccine does not know the type of previous vaccine, or if quadri-or bi-valent HPV vaccine are not well supplied, the vaccination schedule can be continued with 9-valent HPV vaccine in women vaccinated with quadri-or bi-valent HPV vaccine [21] .
No recommendation level was established and the level of evidence was determined as E through the voting process of the committee because no studies have been conducted on this key question and the judgement was made on the basis of recommendations by ACIP.
Key question 7:
Only 1 article for this key question was searched. Garland et al. [22] conducted a randomized, double-blind study to confirm safety and immunogenicity of additional vaccination using 9-valent HPV vaccine in 12-26 year old women who previously completed quadri-valent HPV vaccination. The 3 doses of 9-valent HPV vaccine were inoculated in 618 women of the study group, and 3 times of normal saline in 306 women of the control group. The efficacy of vaccination was confirmed by antibody titer. The antibody titer of HPV 6, 11, 16 , and 18 included in the quadri-valent vaccine were high for both group after 1st dose and as the vaccination progressed, antibody titer of 9 types of HPV were all increased in the study group compared to the control group. In addition, 98% of 9-valent HPV vaccinated 7/10 https://ejgo.org https://doi.org/10.3802/jgo.2019.30.e31
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• The 9-valent HPV vaccine can be co-administered with the meningococcal conjugate vaccine or Tdap vaccine (1A).
women were found to have antibodies to HPV 31, 33, 45, 52, and 58. Adverse events in vaccination site were found in 91% of the study group and 43.9% of the control group, and systemic side effects were observed similarly. Discontinuation of vaccination due to side effects was observed to be very low such as 0.5% for 9-valent HPV vaccine and 0% for control group, respectively.
For women over the age of 27 who have completed vaccination using quadri-valent vaccine, no current findings are available, but as identified in key question 3, 9-valent HPV vaccine is assumed to have the efficacy and safety. Therefore, the 9-valent vaccine can be inoculated to obtain additional prevention for HPV 31, 33, 43, 52, and 58 in consideration of clinical judgement and situation of subject. However, for women who have completed vaccination using bi-valent vaccine, it is not advisable to have an additional vaccination because there is no evidence for additional vaccination using 9-valent vaccine.
Since this article checked only immunogenicity in the age group which efficacy can be verified through cervical cytology or HPV test, the level of evidence was classified as B and the recommendation level was decided as weak via the voting process of committee.
DISCUSSION
The 9-valent HPV vaccine was found to be effective in preventing diseases associated with 9 types of HPV (6, 11, 16, 18 , 31, 33, 45, 52, and 58) by checking several clinical examination and antibody titer in 9-26 year old men and women. 9-valent HPV vaccine can be used in the middle-aged women with clinical judgment of individual risk factors and situations because the efficacy of 9-valent vaccine was confirmed by comparative trial with quadri-valent vaccine and the efficacy of quadri-valent vaccine was confirmed in the middle-aged women. In addition, the efficacy of 2 dose vaccination in 9-15 year old adolescents was confirmed by the geometrical mean titer compared with 3 dose vaccination in 16-26 year old women. If a vaccination is initiated with other vaccines, 9-valent HPV vaccine may be used to continue or complete the vaccination in cases of previously unknown or unavailable vaccines only. Since this recommendation is reviewed and written based on the articles published until 2016, it will have to be revised if the results of further studies on 9-valent HPV vaccine are published in the future.
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• For women aged 12-26 years who have completed the quadri-valent HPV vaccination, an additional 9-valent HPV vaccination can be clinically determined considering the circumstances of the subject (2B).
